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[57] ABSTRACT

A semiconductor memory device comprises a main memory
cell, a redundant memory cell, a redundant address data cell
comprising a non-volatile memory which -electrically
memorizes an address of a redundant memory cell which
replaced a failed memory cell in the main memory cell, a
control circuit 15 and a redundant memory cell selecting
circuit 16. The redundant memory cell selecting circuit
serves to hold first address data which has been read from
the redundant address data cell, and to compare the first
address data with second address data for a read or write
operation which 1s input via the control circuit and thereby
select the main memory cell or the redundant memory cell.

15 Claims, 19 Drawing Sheets
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SEMICONDUCTOR MEMORY DEVICE
WITH REDUNDANT MEMORY CELL
BACKUP

FIELD OF THE INVENTION

The present invention relates to a semiconductor memory
device and 1its method of operation.

BACKGROUND OF THE INVENTION

Recently, as the capacity of semiconductor memory
devices has increased, the density and integration of
memory cells has also increased. In such a memory device,
the failure of even a few memory cells leads to the failure of
the memory device as a whole, thereby resulting in crucially
lowered manufacturing yield. In order to overcome this
situation, fatled memory cells are replaced by redundant
memory cells.

The structure of a prior art semiconductor memory device
with redundant memory cells will be explained with refer-
ence to FIG. 21. The semiconductor memory device com-
prises, a main memory cell 1, a redundant memory cell 2
naving redundant memory cells which will substitute for
possibly failed memory cells in the main memory cell 1, a
main decoder 3 for driving the memory cell part 1, a
redundant decoder 4 for driving the redundant memory cell
2, a control circuit 5 for controlling the main decoder 3 and
the redundant decoder 4, and an input terminal 6 for input-
ting an address signal and control signal.

In this semiconductor memory device, when an memory
cell fails, its address data is stored in a non-volatile memory
means (not shown) within the control circuit 5. Here the
non-volatile memory means includes either a fuse-blowout

memory or an ce¢lectrically programmed and erasable
memory (EPROM or EEPROM).

The read and write operations of this semiconductor
memory device are conducted in the following manner:

First, a control signal and address data are input to the
input terminals 6. When the address data coincides with data
stored 1n the non-volatile memory means within the control
circuit 5, a signal from the control circuit 5 puts the main
decoder 3 into a disabled state, thereby preventing write or
read operations with the main memory cell 1 and allowing
write and read with the redundant memory cell 2.

When fuses are employed for the non-volatile memory
means, 1t 1S a common practice to cut them by laser beam
cutting, namely, an apparatus for generating laser light is
needed. Using this process, the fuse is separated into two
parts by laser beam cutting so that both sides of the fuse are
disconnected. In this case, a complicated adjusting proce-
dure is necessary which confirms the address data of a failed
emory cell by means of a tester, controls the irradiating
position of a laser light according to the address data, and
adjusts the output energy of the laser light.

Although 1t is possible for a manufacturer to store the
address data of failed memory cells found at the shipment
test into the non-volatile memory means, it is practically
impossible for users themselves to write in the address data
of failed memory cells occurring during field operation.

On the other hand, when a memory dedicated for read-out
only such as EPROM or EEPROM is employed, it may be
posstble for users to electrically write in the address data of
failed memory cells. In this case, however, an additional
manufacturing process step for the EEPROM is needed.
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Furthermore, when employing a commonly used MONOS
type EEPROM, write-in speed is slow although read-out
speed 1s fast, and a high write-in voltage is needed.

This type of prior art semiconductor does not provide the '

important advantage of ability to replace failed memory
cells at anytime without using any additional devices.

SUMMARY OF THE INVENTION

The present invention provides an semiconductor
memory device and method of operation, wherein failed
memory cells in the main memory cell are replaced by
memory cells in the redundant memory cell at anytime
whenever needed and their address are stored without using
any additional device, and a redundant memory cell select-
ing circuit 18 operated at high speed.

A semiconductor memory device according to the present
invention comprises, a main memory cell, a redundant
memory cell, a redundant address data cell comprising a
semiconductor memory which electrically stores addresses
by which part of the main memory cell is replaced by
redundant memory cells, a controlling circuit, and a redun-
dant memory cell selecting circuit.

The redundant memory cell selecting circuit stores the
first address data, and compares the first address data with
the second address data input via the controlling circuit for
read or write operation. Based on this comparison, the
redundant memory cell selecting circuit then selects either
the main memory cell or the redundant memory cell. The
redundant memory cell selecting circuit preferably contains
first latch circuits for storing the first address data read from
the redundant address data cell.

In the operation of the semiconductor memory device
according to the invention the first address data is read from
the redundant memory cell and then held in the first latch
circuit of the redundant memory cell selecting circuit during

the first data read period after application of the voltage
source. |

According to this structure, upon application of the volt-
age source the first address data is read from the redundant
address data cell and stored in the redundant address select-
ing circuit, thereby enabling high speed operation for select-
ing a redundant address.

In addition, since the redundant address data cell is made
with the same semiconductor memory as the main memory
cell, high integration can be realized.

Furthermore, provided that the memory cells in the redun-
dant address data cell are made with, for example, a ferro-
electric capacitor and a MOS transistor, it is possible at a
given time to store an address of that part of the redundant
memory cell which replaces failed memory cells in the main
memory cell without using any special device or process.

The invention itself, together with further objects and
attendant advantages, will best be understood by reference
to the following description, taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is the circuit block diagram of a semiconductor
memory device according to the first embodiment of this
invention.

FIG. 2 1s the circuit diagram of a redundant memory cell
selecting circuit with a semiconductor memory device
according to the second embodiment of the invention.
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FIG. 3 is the circuit diagram of a redundant address data
cell of the semiconductor memory device according to the
second embodiment of the invention.

FIG. 4 is a operation {iming diagram during selecting the
redundant address according to the second embodiment of
the invention.

FIG. 5 is the circuit block diagram of a semiconductor
memory device according to the third embodiment of the
invention.

FIG. 6 is a operation timing diagram for the semiconduc-
tor memory device of FIG. 8.

FIG. 7 is the circuit block diagram of a semiconductor
memory device according to the fourth embodiment of the
invention.

FIG. 8 is a operation timing diagram for the semiconduc-
tor memory device of FIG. 7.

FIG. 9 is the circuit block diagram of a semiconductor
memory device according to the fifth embodiment of the
invention.

FIG. 10 is a flow chart for explaining the operation of the
iconductor memory device of FIG. 9.

FIG. 11 is another flow chart for explaining the operation
of the semiconductor memory device of FIG. 9.

FIG. 12 is the circuit diagram of a flag data memory of a
semiconductor memory device according to the sixth
embodiment of the invention.

FIG. 13 is a diagram for explaining the operation of the
flag data memory of FIG. 12.

FIG. 14 1s the circuit diagram of a flag data memory of a
semiconductor memory device according the seventh
embodiment of the invention.

FIG. 15 is a diagram for explaining the operation of the
flag data memory of FIG. 14.

FIG. 16 is the circuit block diagram of a semiconductor
memory device according to the eighth embodiment of the
invention.

FIG. 17 is a diagram for explaining the operation of the
semiconductor memory device of FIG. 16.

FIG. 18 is a circuit block diagram of a semiconductor
memory device according to the ninth embodiment of the
invention.

FIG. 19 is the circuit diagram of the main memory cell
and the redundant memory cell of the semiconductor
memory device of FIG. 18.

FIG. 20 1s a timing diagram for explaining the method of
operation the semiconductor memory device of FIG. 18.

FIG. 21 is the circuit block diagram of a prior art
semiconductor memory device.

SC

DETAILED DESCRIPTION

According to this invention, a semiconductor memory
device, shown in FIG. 1, comprises: a main memory cell 11
for storing information; a redundant memory cell 12 for
replacing failed memory cells in the main memory cell 11
whenever they happen to fail; a main decoder 13 for driving
the main memory cell 11; a redundant decoder 14 for driving
the 1
the semiconductor memory device; a redundant memory cell
selecting circuit 16 for selecting either the main memory cell
11 or the redundant memory cell 12; a redundant address
data cell 17, which comprises a nonvolatile semiconductor
memory for storing address data of a possibly failed memory
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cell in the main memory cell 11; and an input terminal 18 for
receiving a control signal for controlling the semiconductor
memory device and an address signal.

It is noted here that the redundant memory cell selecting
circuit 16 serves, upon application of voltage source, to read
address data (first address data) from the redundant address

data cell 17 by means of which failed memory cells in the
main memory cell 11 are replaced by memory cells in the
redundant memory cell 12. The redundant memory selecting
circuit 16 holds address data as long as the voltage source is
applied.

In this semiconductor memory device, the read operation
is conducted in the following manner:

First, by inputting a control signal to the input terminal 18
a read state is set. Next, address data (second address data)
for a read operation is sent from the input terminal 18,
through the control circuit 15, to the redundant memory cell
selecting circuit 16, where the first address data which has
been read from the redundant address data cell 17 and the
second address data which has been input via the control
circuit 15 are compared.

[f the first and second address data are not the same, the
redundant memory cell 12 is not selected and the main
memory cell 11 is selected, and information data is read
from the specified memory cell in the main memory cell 11.

On the other hand, if the first and second address data do
coincide with each other, the main memory cell 11 is not
selected and the redundant memory cell 12 is selected, and
information is read from the specified memory cell in the
redundant memory cell 12.

The write operation is conducted in the same way as the
above mentioned read operation:

First, by inputting a control signal to the input terminal 18
a write state 1s set. Next, a second address data for a write
operation is sent from the input terminal 18, through the
control circuit 15, to the redundant memory cell selecting
circuit 16, wherein the first address data which has been read
from the redundant address data cell 17 and the second
address data which has been input via the control circuit part
15 are compared.

If the first and second address data do not coincide with
each other, the main memory cell 11 1s selected, and
information data is written into the specified memory cell 1n
the main memory cell 11. On the other hand, if the first and
second address data coincide with each other, the redundant
memory cell 12 1s selected, and information data 1s written

into the specified memory cell in the redundant memory
cell 12.

The key feature of this embodiment is that address data (a
first address data), by means of which failed memory cells
occurring in the main memory cell 11 are replaced by part
of the redundant memory cell 12, is stored in the redundant
address data cell 17 which comprises a non-volatile memory.
Upon application of voltage, the first address data which has
been read from the redundant address data cell 17 is stored
in the redundant memory cell selecting circuit 16, and
according to this first address data temporarily stored in the
redundant memory cell selecting circuit 16, either the main
memory cell 11 or the redundant memory cell 12 is selected.

Accordingly, in this embodiment of the semiconductor
memory device the address data (a first address data) of the
redundant memory cell 12 is stored without using a com-
plicated device and can be operated without employing
blowout fuses as in the case of a prior art semiconductor
memory device.
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Furthermore, during the operation, by comparing the
address data (a first address data) of the redundant memory
cell 12 which has been read to the redundant memory cell
selecting circuit 16 and the address (a second address data)
which has been input from the input terminal 18 it is possible
to select at high speed either the main memory cell 11 or the
redundant memory cell 12.

A semiconductor memory device of a second embodiment
1S a practical example of the first embodiment where a
selected circuit shown in FIG. 2 is employed for the redun-
dant memory cell selecting circuit 16 and an memory circuit

shown in FIG. 3 is employed for the redundant address data
cell 17.

The redundant memory cell selecting circuit shown in
FIG. 2 comprises P-channel type MOS transistors Qp101
and Qp102, N-channel type MOS transistors Qn101, Qn100,
Qnlll to Qn114, and Qn121 to Qnl24 and first latch circuits
LATCH10, LATCH11 and LATCH12.

This selecting circuit is supplied with, address data A0,
/A0, Al, and /A1 from the input terminal 18, signals DRS,
DRAO, and DRA1 from the memory circuit of FIG. 3
(corresponding to the redundant address data cell 17), a
selecting signal RS operative to select the redundant
memory cell 12, a control signal I, voltage source VDD and
ground potential VSS. Here the slash (“/’) before the address
data denotes the inverse logic of the address data.

In the initial state, the control signal I is set to a logical
voltage of “L” (low voltage), then the MOS transistor Qp101
1s switched to an on-state, then the drain voltage thereof and
cventually the selecting signal RS become a logical voltage
of “H” (high voltage), respectively. When the selecting
signal RS is “H” the redundant memory cell 12 is to be
selected, and if it were “L”, the main memory cell 11 is
selected. |

When a failed memory cell in the main memory cell 11 is
replaced by a memory cell in the redundant memory cell 12,
provided that the address data A0 and Al of the failed
memory cell is specified as “H” and “L.,” respectively, data
15 to be written in the memory circuit of FIG. 3 (the address
data cell) in the manner so as to output signals DRS of “H”,
DRADO of “L”, and DRA1 of “H”. On the other hand, when
the redundant memory cell 12 is not used, “L” is written for
the signal DRS, thereby turning the selecting signal RS to
“L” and in this state any address data input never allows
selection of the redundant memory cell 12.

The memory circuit of FIG. 3, corresponding to the
redundant address data cell 17, comprises N-channel type
MOS transistors Qn101 to Qn103, Qn201 to Qn204, Qn211
to Qn2l4, and Qn221 to Q224, ferroelectric capacitors
C201, C202, C211, C212, C221 and C222, and sense
amplifiers SAR, SAQ and SA1. This circuit operates with a
control signal TR1 for controlling the MOS transistors
Qnl01 to Qnl03, a control signal SAE for controlling the
sense amplifiers SAR, SA0Q and SA1, a word line WL, a cell
plate electrode CP, and a signal BP for precharging bit lines
BLR, /BLR, BL0, /BL0, BL1 and /BL1. Here VSS is a
ground.

The operation of the semiconductor memory device will
be explained, referring to the operation timing diagram of
FIG. 4. In the initial state, a precharge signal BP is set to
“H”, thereby turning the MOS transistors Qn203, Qn204,
Qn213, Qn214, Qn223 and Qn224 to an on-state, thus
lowering to a ground potential the bit lines BLR, /BLR, BLO,
/BLO and /BL1.

Next, after the precharge signal BP is shifted to “L”, the
word line WL and the cell plate electrode CP are shifted to
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“H”, thereby turning to an on-state the MOS transistors
Qn201, Qn202, Qn211, Qn212, Qn221 and Qn222, thus
charges are read out onto the bit lines from the ferroelectric
capacitors C201, C202, C211, C212, C221 and C222.

Then the control signal SAE is shifted to “H”, thereby
putting into operation the sense amplifiers SAR, SAQ and
SA1, thus amplifying the voltage differences between the bit
lines. When the redundant memory cell part 12 is to be

selected, the bit lines BLR and /BLR are shifted to “H” and
“L”, respectively.

Then the control signal TR1 is shifted to “H”, thereby
furning to an on-state the MOS transistors Qn101 to Qn103.
At this time the signal DRS is “H”, and “L” is output from
the first latch circuit LATCH19 and is applied on the gate of

the MOS transistor Qnl100, thus turning to an off-state the
MGOS transistor Qnl00. Therefore the redundant memory
cell selecting circuit 16 is in the waiting state for selection
of the redundant memory cell 12.

If, in ths state, the address data A0 and /A1 are input with
“H” and the address data /A0 and A1 are input with “L”, and
simultaneously signals DRAO and DRA1 are output with
“L” and “H”, respectively, from the memory circuit of FIG.
J (the redundant address data cell), then the selecting signal
RS is output in the following manner:

The signal DRAO is “L”, thereby putting the MOS tran-
sistor Qnlll into an off-state, and the address data AQ is
“H”, thereby putting MOS transistor Qn121 into an on-state,
and consequently this path is in the cut-off state. “H’ is the
output from the latch circuit LATCH11, thereby putting the
MOS transistor Qn112 into an on-state, and the address data
/AQ is “L”, thereby putting the MOS transistor Qn122 into
an off-state, and consequently this path is in a cut-off state.

Similarly, the MOS transistor Qnl113 is in an on-state,
while the MOS transistor Qnl23 is in an off-state, and
consequently this path is also in the cut-off state. Further-
more, the MOS transistor Qn114 in an off-state, while the
MOS transistor Qn124 is in an on-state, and consequently
this path is in a cut-off state. Still furthermore, the drain of
the MOS transistor Qpl101 is being held in “H”, and a
selecting signal RS of “H” is output. Namely, the redundant
memory cell 12 is selected.

As described above, in this embodiment the redundant
memory cell selecting circuit 16 has latch circuits and the
redundant address data cell 17 has memory cells comprising
a ferroelectric capacitor and a MOS transistor. Upon appli-
cation of voltage, first address data read from the redundant
address data cell 17 is held in the latch circuits. For this
reason 1t 18 possible at high speed to select either the main
memory cell 11 or the redundant memory cell 12.

Another variation of the invention is depicted in FIG. 5.

The basic structure of a semiconductor memory device

shown in FIG. § is similar to the embodiment of FIG. 1.
However, the embodiment of FIG. 5 is provided with an
input terminal 19 for input of a control signal RST5 in order
to put into operation the redundant address data cell 17. If
the control signal RSTS is not input, the redundant address
data cell 17 is not put into operation.

In the embodiment of FIG. §, a selecting circuit as shown
in FIG. 2 is employed for the redundant address selecting
circuit 16, and a memory circuit as shown in FIG. 3 is used
for the redundant address data cell 17. The control signal

generating circuit for generating a control signal RSTS is not
shown in FIG. 5.

The operation of this semiconductor memory device will
be explained referring to FIG. 3 and FIG. 6. Arrows in FIG.

6 represent the sequence of operation.
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At the initial state, a precharge signal BP 1s “H”, thus all
bit lines being fixed to ground potential. After a control
signal RSTS at the input terminal 19 is shifted to “H”, a
precharge signal BP is shifted to “L”. Next, shifting into “H"”
both the word line WL and the cell plate electrode CP,
charges are read out from the ferroelectric capacitors C201,
C202, C211, C212, C221 and C22 into the bit lines BLR,

/BLR, BL0, /BL0, BLL1, /BL1. Then, the control signal SAE

is shifted to “H”, thereby putting into operation the sense
amplifiers SAR, SAQ and SA1 so as to amplify potential
differences between the bit lines. Next, after the cell plate

electrode CP is shifted to “L”. Then, after the precharge
signal BP is shifted to “H,” thereby fixing the bit lines to
ground potential, the control signal RSTS is turned back to
I'-I.L‘.l'!'-

Next, data for selecting or not selecting the redundant
memory cell 12 is stored in the first latch circuits LATCH11

and LATCHI12. Since this step is the same as explained in
the second embodiment, further explanation 1s omitted.

As described above, by controlling the redundant address
data cell 17 with a control signal RSTS supplied from the
control signal generating circuit, 1t 1s possible that after data
is read from the redundant address data cell 17 into the
redundant memory cell selecting circuit 16, the redundant
address data cell 17 1s held inactive, thereby enabling
simplification of operation and reducing power consump-
tion.

In yet another variation, the semiconductor memory
device of FIG. 7 shows a modified example of the third
embodiment. Instead of the input terminal 19 of FIG. 5 for
inputting a control signal RSTS in the third embodiment, this
embodiment has a detecting circuit 20 for outputting a
control signal VDDDT1 upon detecting an application of a
voltage source.

The operation of this semiconductor memory device will
be explained, referring to FIG. 3 and FIG. 8. Arrows in FIG.
8 represent the sequence of operation.

In the init1al state, a precharge BP 1s “H”, thus all the bit
lines being fixed to ground potential. When applying a
voltage source, a source voltage VDD becomes “H” and a
control signal VDDDT1 of “H” is output from the detecting
circuit 2. After that a precharge signal BP is shifted to “L".
Then the word line WL and the cell plate electrode CP are
set to “H”, and charges are read from the ferroelectric
capacitors C201, C202, C211, C212, C221 and C222 into
the bit lines. Shifting a control signal SAE to “H”, the sense
amplifiers SAR, SAQ and SA1 are put into operation, thus
amplifying potential difierences between the bit lines. Next,
after the cell plate electrode CP 1s shifted to “L”, the word
line WL 1s shifted to “L” and the control signal SAE 1is
shifted to “L”’. Next, after the precharge signal BP is shifted
to “H” to fix the bit lines to ground potential, the control

signal VDDDT1 is shifted to “L”.

Next, data for selecting or not selecting the redundant
memory cell 12 are stored in the first latch circuits
LLATCH11 and LATCH 12. Since this step is the same as
explained in the second embodiment, further explanation is
omitted.

In this manner, by putting into operation the redundant
memory cell 12 with a control signal VDDDT]1 supplied by
the detecting circuit 20, a series of operations for storing
data for selecting or not selecting the redundant memory cell
12 into the redundant memory cell selecting circuit 16 can
be started at the same time as the voltage source is applied.

In another variation, the semiconductor memory device
shown in FIG. 9 is an example of the first embodiment,
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where the control circuit 15 1s provided with a flag data
memory 21 for storing flag data indicating that the first
address data has been read from the redundant address data
cell 17.

The operation of this semiconductor memory device will
be explained referring to the flow chart of FIG. 10. When a
voltage source is applied, flag data is not set, as indicated by
FLAG=0. FLAG=I1 indicates that the flag 1s set.

In the first step, flag data from the flag data memory 21,
first address data from the redundant address data cell 17,

and information data from the main memory cell 11 are read.

In the second step, a judgment is made whether the flag
data is set or not, namely, FLAG=1 or FLAG=0. If the flag
data is not set, namely FLLAG=0, then the information data
is to be regarded as invalid at the fourth step, and the flag
data is set in the flag data memory 21. Consequently, until
the supply voltage is cut off, the first address data read 1s
held in the redundant memory cell selecting circuit 16, and
a flag data in the flag data memory 21 18 set.

Therefore, until the source voltage is cut oif, the first
address data is held in the redundant memory cell selecting
circuit 16, and the flag data is set in the flag data memory 21
indicating that the information data 1s valid.

For this reason, for the subsequent read operations, at the
first step a flag from the flag data memory 21, first address
data from the redundant address data cell 17, and informa-
tion data from the main memory cell part 11 are read.

At the second step, FLAG=1. Operation then proceeds to
the third step indicating therein that the information data 1is
valid. This information is output until the voltage source is
cut off.

In this manner, during the second and subsequent read
operations, information data 1s read as valid either from the
main memory cell 11 or the redundant memory cell 12.

FIG. 11 shows another flow chart. In this case, at the first
step flag data is read from the flag data memory 21. At the
second step a judgment is made whether the flag data is set
or not, namely, FLAG=1 or FLAG=0. If the flag data 1s not
set, namely, FLLAG=0, then the first address data is read from
the redundant address data cell 17 at step 3. At the fourth
step, the flag data is set in the flag data memory 21. Finally,
at the fifth step the information data is read.

On the other hand, provided that, at the second step, the
flag data has been set, namely FILAG=1, processing moves
to the fifth step where the information data is read. Since the
flag data is set in the flag data memory 21 until the voltage
source is cut off, it is possible, in the second and subsequent
read operations, that as soon as a filag data 1s read from the
flag data memory 21 at the first step, the information data 1s
read at the fifth step, thus enabling the high-speed reading
operation of information data.

Another variation on the semiconductor memory device
of this invention is partially depicted in FIG. 12. The
semiconductor memory device of this embodiment is an
example of the fifth embodiment where a memory circuit

having a latch circuit is employed for the flag data memory
21.

The flag data memory circuit shown in FIG. 12 contains
a voltage detecting circuit 22 which outputs a control signal
VDDDT12 of “H” when a source voltage is less than a
specified value, and a second latch circuit LATCH13. The
input terminal of the second latch circuit LATCHI13 is
connected to a transistor Qnl201 which i1s controlled by a
control signal VDDDT12 from the voltage detecting circuit
22 and a transistor Qn1202 which is controlied by a control
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signal RST12. The transistor Qnl1201 serves to put the input
terminal of the second latch circuit LATCH13 into ground

potential VSS by the control signal VDDDT12. The tran-
sistor Qnl202 serves to supply the input terminal of the
second latch circuit LATCHI13 with a signal FS which is of

the same logical voltage used to set the flag data. As long as

the voltage source is applied, the flag data is held in the
second latch circuit LATCH13.

The operation of this flag data memory circuit will be
explained, particularly in the case of resetting.

As shown in FIG. 13, when switching off the voltage
source, the source voltage VDDDT12 begins to decrease and
falls below a specified value, thereby putting into operation
the voltage detecting circuit 22 to output the control signal
VDDDTI12 of “H”. Together with the decrease of the source
voltage, the voltage level of the flag data output from the
second latch circuit LATCHI13 begins to decrease. The MOS
transistor Qnl201 is switched on by the control signal
VDDDT12, and the input terminal of the second latch circuit
LATCH13 is grounded to VSS, therefore the voltage level of
the flag data becomes ground potential VSS. Namely, the
second latch circuit LATCHI13 holding the flag data is
automatically reset when the voltage source is cut off.

In yet another embodiment the semiconductor memory
device 1s a modified example of the sixth embodiment. The
difference between this embodiment and the sixth embodi-
ment, as shown in the flag data memory circuit of FIG. 14,
1s that the gate of the MOS transistor Qnl201 which serves
to reset the latch circuit LATCH13 by grounding its input
terminal is controlled not by a control signal VDDDT12
from the voltage detecting circuit 22, but by a control signal
RST14 generated from an external reset signal generating
circuit (now shown).

As shown in FIG. 15, when the control signal RST14 is
set to “H”, the MOS transistor Qn1201 is switched on, thus,
the input terminal of the second latch circuit LATCH13
being connected to ground. When the second latch circuit
LATCHI13 is reset, the control signal RST14 is returned to
“L”, and the control signal RST14 is afterward set to “H”,
thereby preparing for a signal ES to get to the input terminal

of the second latch circuit LATCHI13. In this manner, the

second latch circuit LATCH13 holding the flag data can be
reset at given time by using a control signal from an external
circuit. In other words, it can be surely reset by a control
signal before the voltage source is cut off.

The semiconductor memory device shown in FIG. 16 is a
modified example of the first embodiment. The difference
between this embodiment and the first embodiment is that
the redundant memory cell 12 and the redundant address
data cell 17 of FIG. 1 are both contained in the memory
domain 23, and the control circuit 15 and the redundant
memory cell selecting circuit 16 are incorporated into one
domain 24. In other words, the memory domain 23 of FIG.
16 comprises a redundant address data cell domain 23a, a
redundant memory cell domain 23b and a flag data domain
23c. Therefore, if there is a failed memory cell in the main
emory cell 11, the address data of the failed memory cell,
the information data, and the flag data which indicates the
eaning and application state of information data are writ-
ten, respectively, in the memory domain 23.

Next, an example of assignment of the memory domain
23 will be explained. Although the memory domain 23 is
drawn as divided by dotted lines for clarity of explanation in
FIG. 16, the redundant address data, the information data
and the flag data are virtually merged and written in as a
whole as shown in FIG. 17.
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FIG. 17 gives an example having four failed memory cells
in the main memory cell 11 and the failed memory cells are
replaced by those in the redundant memory cell domain 23a.
It should be noted that although the redundant addresses in

the left column of FIG. 17 covers 0 to 15 as an example, the
number of addresses is not restricted.

As shown in FIG. 17, for example, an address 0 of a failed
memory cell in the main memory cell 11 (hereinafter
referred to as an external address () and a redundant address
S used for storage of the information data which replaced the
failed memory cell are written in the data domain of a
redundant address (. The data domain of this redundant
address 0 corresponds to the memory cell domain 23a.

Furthermore, in the flag domain of the redundant address
0, there is an address/data column discriminating between
the address data and the information data, having a 1
indicating an address; a used/not used column, having a 1
indicating used; and an OK/NG (okay/mo good) column
representing possible or impossible for use of the data
domain, having a 1 indicating possible. This flag domain
corresponds to the memory cell domain 23c.

The information data which should be written in the main
memory cell 11 is written in the data domain of a redundant
address S. The redundant address 5 is used for storage of the
information data, thus indicating 0 in the address/data col-
umn of the flag domain 23c. A redundant address 6 shows it
memory cell failed, thus indicating NG in the OK/NG
column of the flag domain. Namely, it can be seen from the
flag data domain that it is impossible to use the data domain
of this redundant address.

In this embodiment an explanation was given for the case
wherein the redundant address data cell 17 and the redun-
dant memory cell 12 of FIG. 1 are merged. In any case of
merging two or more of either the redundant address data
cell, the redundant memory cell and the main memory, the
failed memory cells in the main memory cell can be replaced
by memory cells in the redundant memory cell in the same
manner as described above.

In the first embodiment where the redundant memory cell
12 and the redundant address data cell 17 are definitely
separated, if either domain is fully occupied, it is impossible
to save more failed memory cells using the space available
in the part that is not full. In this embodiment, however, it
1s possible to save failed memory cells until the memory
domain 1s fully occupied, thereby enhancing the freedom of
saving failed memory cells.

In yet another variation, the construction of the semicon-
ductor memory device of FIG. 18 is the same as that of the
first embodiment except the main memory cell 11 and the
redundant memory cell 12 are arranged as shown in the
circuit of FIG. 19. The redundant memory cell selecting
circuit 16 1s the same circuit as that of FIG. 2, and the
redundant address data cell 17 1s the same circuit as that of
FIG. 3. Here Roman numerals (I), (II) and (III) represent the
sequence of operation steps.

The circuit constituting the main memory cell 11 and the
redundant memory cell 12, shown in FIG. 19, comprises
memory cells comprising N-channel type MOS transistor
Qn701 to Qn704 and Qn711 to Qn714, ferroelectric capaci-
tors C701 to C704 and C711 to C714; dummy cells com-
prising N-channel type MOS transistors Qn731 to Qn734
and ferroelectric capacitors DC701 to DC704; sense ampli-
fiers SAQ and SA1; and control transistors Qn741 to Qn744
and Qn751 to Qn754.

A memory cell, for example, consisting of the MOS
transistor Qn701 and the ferroelectric capacitor C701 is
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connected to a bit line BL0, a word line WL and a cell plate
electrode CPO0. In the same manner the other memory cells
are, as shown in FIG. 19, connected to bit lines BLO, /BLO,
BL1 and /BL1, word lines WL0, WL1, WL2 and WL3, and
cell plates CP0 and CP1.

A dummy cell, for example, consisting of the MOS
transistor Qn731 and the ferroelectric capacitor DC701 is
connected to bit line BL0, a word line DWL1 and a cell plate
electrode DCP0. In the same manner the other dummy cells
are, as shown in FIG. 19, connected to bit lines /BL0O, BL1
and /BL1, word lines DWL0O and DWLI1, and cell plate
electrode DCPO and DCP1. The sense amplifiers SA0 and
SA1 which amplify voltage differences between the bit lines
are controlled by control signal SAE0 and SAEI1, respec-
tively. The MOS transistors Qn741 to Qn744 are controlled
by a reset signal for dummy cell DCRST and MOS transis-
tors Qn751 to Qn754 are controlled by a precharge signal for
precharging bit lines BPM.

Next, operation of the semiconductor memory device
described above will be explained referring to FIG. 2, FIG.
19 and FIG. 20.

After voltage is applied, a chip-enable signal CE is shifted
to “L”. Then step (I) shown in FIG. 20 is carried out, i.e.,
data is read from the redundant address data cell 17. At this
time, a signal BLR 1s “H” when the redundant memory cell
18 used, or is “L” otherwise. This operation is basically
similar to that shown in the operation timing diagram of
FIG. 4, thus a detail explanation is omitted.

At this time both the main memory cell 11 and the
redundant memory cell 12 are in the initial state, and a
precharge signal BPM and a reset signal DCRST are both
“H,” thus the bit lines being fixed to ground potential VSS
and also the ferroelectric capacitors DC701, DC702, DC701
and DC704 of the dummy cells being all fixed to ground
potential VSS.

Next, 1n step (II) the first address data is read from the
redundant address data cell 17 into the redundant memory
cell selecting circuit 16.

Next, in step (III) the information data either from the
main memory cell 11 or from the redundant memory cell 12
1s read.

It 1s to be noted that the timing chart covered by step (I1I)
of FIG. 20 corresponds to a timing chart for reading the
information data from the redundant memory cell 12 when
the redundant memory cell 12 is selected, or a timing chart
for reading the information data from the main memory cell
11 when the redundant memory cell 12 is not selected.

At this time the word lines WL0 and DWLO0 and the cell
plate electrodes CP0 and DCPO are each turned to “H”,
thereby charge 1s read from the ferroelectric capacitor C701

to the bit line BLO, and charge is read from the ferroelectric
capacitor DC702 to the bit line /BL0.

Then a potential difference which is decided by an amount
of charge and a capacitance between the bit lines is amplified
by the sense amplifier SAQ, thus the information data is
output from the bit line BLO.

In this embodiment, a redundant address is read out and
is held in the first latch circuit of the redundant memory cell
selecting circuit 16. Then the information data is read either
from the mamn memory cell 11 or from the redundant
memory cell 12. This procedure corresponds to the operation
as explained in the fifth embodiment referring to FIG. 10.

On the other hand, it is possible to simultaneously read the
redundant address and hold it in the first latch circuits of the
redundant memory cell selecting circuit 16 while at the same
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time reading information data from the main memory cell 11
or from the redundant memory cell 12, This corresponds to
the operation as explained in FIG. 11. In this case, however,
immediately after the source voltage is applied a redundant
address which as been read from the redundant address data
cell 17 is not stored in the first latch circuit of the redundant
memory cell selecting circuit 16. Therefore this hoiding
procedure 1s necessary beforehand.

The following methods are available for holding redun-
dant address data in the first latch circuits:

In ordinary semiconductor memory devices such as
DRAMSs, immediately after a voltage source 1s applied, read
and write operations are repeated several times in what is
called a dummy cycle. During the period of the dummy
cycle, a redundant address can be read and stored in the latch
circuits of the redundant memory cell selecting circuit. The
dummy cycle is accomplished by repeating step (I) of FIG.
20 several times.

An alternative storage method is to detect application of
the voltage source immediately after voltage source is
applied and thereafter to repeat the operation of the step (I)
several times. In this manner, in the period of the dummy
cycle or immediately after the voltage source is applied, a
signal for selection or non-selection of the redundant
memory cells can be held in the first latch circuit of the
redundant memory cell selecting circuit, thereby this signal
is held in the first latch circuit during the period of main
cycle.

Of course, it should be understood, that a wide range of
changes and modifications can be made to the preferred
embodiments described above. It 1s therefore intended that
the foregoing detailed description can be regarded as illus-
{rative rather than limiting and that it be understood that it
is the following claims, including all equivalents, which are
intended to define the scope of the invention.

What is claimed is:

1. A semiconductor memory device comprising:

a main memory cell;
a redundant memory cell;

a redundant address data cell comprising a semiconductor
memory can be rewritten many times which stores an
address of a part of said main memory cell to be
replaced by said redundant memory cell;

a control circuit; and

a redundant memory cell selecting circuit having as inputs
a first address data from said redundant address data
cell and a second address data from said control circuit,
wherein said redundant memory cell selecting circuit
holds said first address data which has been read from
said redundant address data cell, compares said first
address data with said second address data for a reading
or writing operation which is input via said control
circuit, and selects said main memory cell or said
redundant memory cell for performing said reading or
wrifing operation.

2. A semiconductor memory device as set forth in claim
1, wherein said redundant memory cell selecting circuit
comprises a plurality of first latch circuits for holding said
first address data which has been read from said redundant
address data cell.

3. A semiconductor memory device as set forth in claim
1, further comprising a control signal generating circuit for
generating a control signal to drive said redundant address
data cell wherein said redundant address data cell operates
only when said control signal is input thereto.

4. A semiconductor memory device as set forth in claim
3, wherein said control signal generating circuit comprises a
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voltage source application detecting circuit for detecting
application of a voltage source and thereafter generating a
driving signal. |

S. A semiconductor memory device as set forth in claim
1, wherein two or more cell out of said main memory cell,
said redundant memory cell and said redundant address data
cell are contained in a common memory domain, and the
domains occupied by each of said memory cells and data cell
are variable.

6. A method of operating a semiconductor memory device
containing a redundant memory cell for replacing a failed
portion of a main memory cell, comprising the steps of:

applying a source voltage to a redundant memory cell
selecting circuit; |

storing a plurality of first data addresses in a redundant
address data cell, said first addresses representing

addresses in said redundant memory cell replacing the
failed portion of said main memory cell;

reading said first data addresses in the presence of a
control signal coming from a control circuit for con-
trolling said semiconductor memory device;

storing said first addresses data read from said redundant
address data cell in said redundant memory cell select-
ing circuit comprising a plurality of first latch circuits;

comparing a second address data of a read/write opera-
tion, which is input via said control circuit, with said
first address data in said redundant memory cell select-
Ing circuit; and

selecting or not selecting said redundant memory cell for
the read/write operation based on said comparison of
said first and second address data wherein said reading
step and said step of storing said first addresses data
read from said redundant address data cell are per-
formed upon application of a source voltage and before
a first readout operation of information data.

7. A method of operating a semiconductor memory device

containing a redundant memory cell for replacing a failed
portion of a main memory cell, comprising the steps of:

applying a source voltage to a redundant memory cell
selecting circuit;

storing a plurality of first data addresses in a redundant
address data cell, said first addresses representing

addresses in said redundant memory cell replacing the
failed portion of said main memory cell;

reading said first data addresses in the presence of a
control signal coming from a control circuit for con-
trolling said semiconductor memory device;

storing said first addresses data read from said redundant
address data cell in said redundant memory cell select-
ing circuit comprising a plurality of first latch circuits;

comparing a second address data of a read/write opera-
tion, which is input via said control circuit, with said
first address data in said redundant memory cell select-
ing circuit; and

selecting or not selecting said redundant memory cell for
the read/write operation based on said comparison of
said first and second address data,

wherein said reading step and said step of storing said first
addresses data read from said redundant address data
cell are performed upon application of a source voltage
and before a first operation of a dummy cycle.

8. A semiconductor memory device comprising:

a main memory cell;
a redundant memory cell;
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a redundant address data cell comprising a semiconductor
memory which stores an address of a part of said main

memnory cell to be replaced by said redundant memory
cell;

a control circuit;

a redundant memory cell selecting circuit having as inputs
a first address data from said redundant address data
cell and a second address data from said control circuit,
wherein said redundant memory cell selecting circuit
holds said first address data which has been read from
said redundant address data cell, compares said first
address data with said second address data for a reading
or writing operation which is input via said control
circuit, and selects said main memory cell or said
redundant memory cell for performing said reading or
writing operation; and

a flag data memory which stores a flag data indicating that

said first address data has been read from said redun-
dant address data cell.

9. A semiconductor memory device as set forth in claim
8, further comprising a voltage detecting circuit for detecting
a decrease of voltage when a voltage source is cut off, and
wherein said flag data memory comprises a plurality of latch
circuits, which are reset with a signal coming from said
voltage detecting circuit.

10. A semiconductor memory device as set forth in claim
8, further comprising a reset signal generating circuit, and
said flag data memory comprises a plurality of latch circuits
which are reset with a signal coming from said reset signal
generating circuit.

11. A semiconductor memory device as set forth in claim
8, wherein two or more cells out of said main memory cell,
said redundant memory cell, said redundant address data cell
and said flag data memory are contained in a common
memory domain, and the domains occupied by each of said
memory cells, said data cell and said memory are variable.

12. A method of operating a semiconductor memory
device containing a redundant memory cell for replacing a

failed portion of a main memory cell, comprising the steps
of:

applying a source voltage to a redundant memory cell
selecting circuit;

storing a plurality of first data addresses in a redundant
address data cell, said first addresses representing

addresses in said redundant memory cell replacing the
farled portion of said main memory cell;

reading said first data addresses in the presence of a
control signal coming from a control circuit for con-
trolling said semiconductor memory device;

storing said first addresses data read from said redundant
address data cell in said redundant memory cell select-
Ing circuit comprising a plurality of first latch circuits;

comparing a second address data of a read/write opera-
tion, which is input via said control circuit, with said
first address data in said redundant memory cell select-
ing circuit;

selecting or not selecting said redundant memory cell for

the read/write operation based on said comparison of
said first and second address data:

storing a flag data indicating that said first address data
has been read from said redundant address data; and

determining whether said flag data is set, and if said flag
data 1s set judging an information data to be valid, and
1f said flag data is not set judging said information data
to be invalid and setting said fiag data.
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13. A method of operating a semiconductor memory
device containing a redundant memory cell for replacing a
failed portion of a main memory cell, comprising the
steps of:

applying a source voltage to a redundant memory cell
selecting circuit; o

storing a plurality of first data addresses in a redundant.

address data cell, said first addresses representing
addresses in said redundant memory cell replacing the
failed portion of said main memory cell;

reading said first data addresses in the presence of a
control signal coming from a control circuit for con-
trolling said semiconductor memory device,

storing said first addresses data read from said redundant
address data cell in said redundant memory cell select-
ing circuit comprising a plurality of first latch circuits;

comparing a second address data of a read/write opera-
tion, which is input via said control circuit, with said
first address data in said redundant memory cell select-
ing circuit; |

selecting or not selecting said redundant memory cell for

the read/write operation based on said comparison of
said first and second address data;

storing a flag data indicating that said first address data
has been read from said redundant address data; and

determining whether said flag data is set, and 1f said flag
data is not set a first address data is read out from said
redundant address data cell and after said flag data 1s
turned to be set, an information data is read.

14. A method of operating a semiconductor memory

device comprising:
a main memory cell;
a redundant memory cell;

a redundant address data cell comprising a semiconductor
memory which stores an address of a part of said main
memory cell to be replaced by said redundant memory
cell;

a control circuit;

a redundant memory cell selecting circuit having as inputs
a first address data from said redundant address data
cell and a second address data from said control circuit,
wherein said redundant memory cell selecting circuit
holds said first address data which has been read from
said redundant address data cell, compares said first
address data with said second address data for reading
or writing operation which is input via said control
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circuit, and selects said main memory cell or said
redundant memory cell for performing said reading or
writing operation; and
a flag data memory which stores a flag data indicating that
said first address data has been read from said redun-
dant address data cell, comprising the steps of:
reading said flag data from said flag data memory,
reading said first address data from said redundant
address data cell;
reading information data from said main 1
and
determining whether said flag data is set or not, and if
said flag data is set judging said information data to
be valid, and if said flag data is not set judging said
information data to be invalid and setting said fag
data.
15. A method -of operating a se

device comprising:
a main memory cell;
a redundant memory cell;

a redundant address data cell comprising a semiconductor
emory which stores an address of a part of said main
memory cell to be replaced by said redundant memory
cell;

a control circuit;

a redundant memory cell selecting circuit having as inputs
a first address data from said redundant address data
cell and a second address data from said control circuit,
wherein said redundant memory cell selecting circuit
holds said first address data which has been read from
said redundant address data cell, compares said first
address data with said second address data for reading
or writing operation which is input via said control
circuit, and selects said main memory cell or said
redundant memory cell for performing said reading or
writing operation;

and a flag data memory which stores a flag data indicating
that said first address data has been read from said
redundant address data cell, comprising the steps of:

reading said filag data from said flag data memory; and
determining whether said flag data is set or not, and if
said flag data is set reading said information data,
and if said flag data is not set reading said first
address data from said redundant address data cell
and reading said information data after setting said
flag data.

emory cell;

iconductor memory
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